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Abstract 
Qualitative 13C-NMR experiments were performed at 298K and for different loadings to investigate the liquid speciation in 
amino acid neutralized by both strong inorganic and weak organic bases. The two different systems, potassiumsarcosinate(K-
SAR) and sarcosine blended with equinormal quantities of 3-(methylamino)propylamine (MAPA-SAR) were studied. In 
presence of CO2, the spectra of the MAPA-SAR system showed more species than that of the K-SAR system due to the presence 
of carbamates from the primary, secondary and amino acid amine groups even at very low loadings. This means that complete 
neutralization of sarcosine with MAPA does not occur since carbamates of the primary and secondary amine group of MAPA 
were formed in the system. In order to quantify the percentage of carbamate formed on the amine group of sarcosine compared to 
carbamates formed on MAPA, a quantitative 13C-NMR experiment is needed as a future work. 
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1. Introduction 
Amino acid salts be an attractive alternative to alkanolamines as solvent for carbon dioxide absorption [1], [2]. 
The advantages of the amino acid salts are their higher resistance to degradation [3], lower vapor pressure [4], and 
smaller amounts of oxidative degradation products [5]. 
The amino acid salts are commonly prepared from a solution of the salt of a strong inorganic base and a weak 
organic nonvolatile amino acid [3]. Recently, Aronu, et al., [6] investigated amine amino acid salts formed by 
blending an amino acid with organic bases (amines). They reported that the amino acid salts formed from the 
neutralization of amino acids with an organic base such as an amine, showed better CO2 absorption potential than an 
amino acid salts from the neutralization of the amino acid by an inorganic base such as potassium hydroxide. 
A fundamental study on liquid speciation is needed to understand the chemistry of the amino acid salts systems, 
both neutralized with strong inorganic base and organic base (amine). Understanding the chemistry of the system 
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could provide more information in developing the thermodynamic models of the system as well as the kinetic 
mechanisms [7].  
2. Experimental 
Materials: Sarcosine (purity  98%) from Fluka, the 3-(methlamino)propylamine, MAPA (purity > 99%) from 
Sigma-Aldrich and potassium hydroxide (KOH) (Merck KGaA, purity  85 mass %) were used. 1,4-Dioxane/ D8 
(5 mol% of amine) was added as internal reference solvent. All solution samples were prepared with deionized 
water. Amine Amino Acid Salts; were prepared by neutralizing Sarcosine with equinormal amounts of amine, in this 
case MAPA. Likewise, the potassium salt of sarcosine (KSAR) was prepared using equimolar amounts of KOH and 
sarcosine.  
CO2 (purity > 99.999 mol % from Yara Praxair As) was added to prepare the preloaded samples by bubbling the 
gas into the solution.  The different loadings were calculated from the weight change of the solution after bubbling 
with CO2 but the final loadings were determined from the standard total amine and CO2 analyzes.  
NMR experiments: 
The NMR samples were prepared with the same method as used in Hartono, et al. [7], i.e. the prepared amino 
acid salts (3.5 M K-SAR and 5 M MAPA-SAR) were spiked with a small amount of D2O (99.96 atom % D from 
Sigma-Aldrich) to get a signal lock in NMR. The unloaded and loaded solution were filled into Norrel 507-HP 
NMR tubes and weighed. All spectra at different loadings were acquired on a Bruker Avance DPX 400 MHz 
spectrometer with a 5mm DUAL 1H/ 13C probe-head. The 1D-NMR techniques (1H and 13C) and 2D-NMR 
techniques (COSY, HSQC and HMBC) were conducted during the NMR experiment. The detailed procedures can 
be obtained in Hartono [8]. 
3. Chemistry of the system 
The chemistry of the two systems, visualized with the 13C-NMR technique can be seen in Fig. 1a and 1b 
(excluding the HCO3-/CO32- and CO2 species): 
 
 
Figure 1a. Molecular structure and type of carbon nuclei in K-SAR system 
 
Figure 1b. Molecular structure and type of carbon nuclei in MAPA-SAR system 
4. Results and discussion 
4.1. K-SAR system 
The 5 acquired spectra for different loadings are visualized in the stacked spectra and shown in Fig. 2. The 
chemical shift () of 1,4-Dioxane (D-8), as a reference solvent, is assigned at =69.17 ppm in the water and D2O 
environment [9]. The 1st and 2nd spectra are acquired for Sarcosine and K-SAR solutions respectively and 3 signals 
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are seen. No new signals were found when Sarcosine is neutralized with KOH but only the change in chemical shift 
() due to the pH change.  
 
Figure 2. The 13C NMR spectra of Sarcosine and K-SAR at different loadings 
The 3rd to 5th spectra are for different CO2 loadings. The 4 new signals are assigned for the carbamate of 
Sarcosine (KSAR-CO2-). The chemical shifts () of carbon in KSAR-CO2- are seen to be independent of the loading 
of the solution but it are found to be opposite to the chemical shift () of the carbon in Sarcosine. Additionally, a 
new signal at 162.4 ppm is assigned to the HCO3/CO32- species. The acquired K-SAR spectra are remarkably similar 
to other single amines, like MEA. The complete assignment of the K-SAR system can be seen in Table 1. 
 
Table 1. The complete assignment of the K-SAR System 
Species 1 2 3
D8 67.19
SAR 33.5 51.6 172.0
KSAR 35.4 54.9 179.9
 = 0.13 35.1 54.3 178.7
 = 0.26 34.7 53.7 177.1
 = 0.51 33.6 51.8 172.8
SARCO2- 1" 2" 3" 4"
 = 0.13 36.2 54.0 164.8 179.6
 = 0.26 36.2 54.0 164.8 179.6
 = 0.51 36.2 54.0 164.7 179.7
HCO3-/CO3-
 = 0.13
 = 0.26
 = 0.51 162.4
Ci (ppm)
Ci (ppm)
 C i  (ppm)
 
4.2. MAPA-SAR system 
The MAPA-SAR is a new amine amino acid salt system, i.e. when Sarcosine is neutralized with an organic base, 
a diamine (MAPA). In this system, partial neutralization is expected since the reaction is between weak acid and 
weak base. Thus molecular MAPA, protonated MAPA, amino acid zwitterion, and deprotonated amino acid would 
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be expected to exist [6]. The 3 acquired spectra for the neutralization of Sarcosine with MAPA can be seen in Fig. 3. 
The 1st spectrum consists of 3 signals for the Sarcosine and the 2nd spectrum consists of 4 signals for the MAPA. 
When Sarcosine is mixed with equinormal amounts of MAPA, as seen in the 3th spectrum, 7 signals appear from 
Sarcosine and MAPA. No new peak was found and this indicates that no new species are formed, but only a change 
of the chemical shift () due to the pH change. The assignment can be seen in Table 2. 
 
Figure 3. The 13C NMR spectra of Sarcosine, MAPA and MAPA-SAR system 
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Figure 4 shows the spectra for the MAPA-SAR system at different CO2 loadings. At lowest loading (=0.15), i.e. 
the 2nd spectrum, it is seen that more signals appear in the MAPA-SAR system than in the K-SAR system. From the 
assignment, not only Carbamate in the amine group of Sarcosine was formed but carbamate is also observed formed 
on the primary and secondary amine groups of MAPA. The formation of three different carbamates in the system 
indicates that complete neutralization of Sarcosine with MAPA does not occur.  
 
Figure 4. The 13C NMR spectra of MAPA-SAR at different loadings 
Increasing the CO2 loading up to 0.5, a new signal (=161.3 ppm) appeared due to the presence of the 
HCO3/CO32- species. The chemical shift () of the carbamate species are seen to be loading independent as also seen 
in the K-SAR system, but the chemical shift () of the MAPA-SAR species are loading dependent. No evidence of 
dicarbamate formation on MAPA was observed. The complete assignment of the MAPA-SAR system can be seen in 
Table 2. 
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Table 2. The complete assignment of the MAPA-SAR System 
Species 1 2 3 4
D8 67.19
SAR 5M 33.5 51.6 172.0
MAPA 2.5M 35.5 39.5 32.3 48.9
34.3 53.1 175.6
34.1 38.4 28.3 47.7
34.2 52.8 174.5
34.1 38.2 27.6 47.4
33.9 52.4 173.6
33.9 38.0 26.8 47.2
33.5 51.6 172.0
33.4 38.6 24.6 46.5
MAPA-SARCO2- 1" 2" 3" 4"
 = 0.15 36.1 53.9 178.4 164.5
 = 0.27 36.2 53.9 178.9 164.5
 = 0.50 36.2 53.9 179.0 164.5
SAR-MAPACO2(p)- 1' 2' 3' 4' 5'
 = 0.15 33.6 38.7 27.8 47.2 164.9
 = 0.27 33.5 38.7 27.6 47.1 164.9
 = 0.50 33.5 37.3 27.4 47.1 164.9
SAR-MAPACO2(s)- 1" 2" 3" 4" 5" 6"
 = 0.15 34.6 37.4 26.5 45.6 164.4
 = 0.27 34.6 37.3 26.2 45.6 164.5
 = 0.50 34.6 37.3 25.6 45.5 164.5
HCO3-/CO3-
 = 0.15
 = 0.27
 = 0.50 161.3
Ci (ppm)
Ci (ppm)
Ci (ppm)
Ci (ppm)
Ci (ppm)
 = 0.50
MAPA-SAR
 = 0.15
 = 0.27
 
5. Conclusions 
 Qualitative 13C-NMR experiments were performed at 298K and for different loadings to investigate the liquid 
speciation in amino acid neutralized by both strong inorganic and weak organic bases. Two different systems (K-
SAR and MAPA-SAR) were studied. In presence of CO2, the spectrum of the MAPA-SAR system showed more 
species than that of the K-SAR system due to the presence of carbamates from both the primary and secondary 
amine group of the amine and the amine group of the amino acid even at very low loadings. Complete neutralization 
of Sarcosine with MAPA was not achieved by blending equinormal amounts. In order to quantify the percentage of 
carbamate formed on the amine group of Sarcosine compared to carbamates formed in MAPA, a quantitative 13C-
NMR experiment is needed as future work. 
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